Smokers attempting to quit often attribute smoking relapse to negative affect, craving, and other nicotine withdrawal symptoms. In addition, there is evidence that smoking relapse can increase these symptoms, particularly negative affect. To address this issue, we analyzed data from an 11-week smoking cessation clinical trial in which smokers (n ϭ 1,246) were randomized to receive either nicotine replacement therapy (NRT), varenicline, or placebo, combined with behavioral counseling. Using cross-lagged analyses, we examined the temporal bidirectional relationships between self-reported measures of affect, craving, and composite withdrawal symptoms and biochemically verified smoking abstinence. The relative strength of these temporal relationships was examined by comparing the explained variances of the models. The results showed that higher negative affect, craving, and composite withdrawal symptoms increased the likelihood of subsequent smoking relapse, and that smoking relapse led to subsequent increases in these same symptoms. A comparison of the explained variances found symptom predicting subsequent relapse models to be stronger than those where relapse predicted subsequent symptoms. Although the explained variance findings generally support a negative reinforcement conceptualization of nicotine dependence, the bidirectional relationship between symptoms and smoking relapse suggests that struggling with quitting smoking leads to significant negative affect, craving, and other withdrawal
symptoms that do not quickly resolve. These findings highlight the importance of addressing specific symptoms within the context of smoking cessation.
Keywords: smoking, nicotine withdrawal, abstinence, negative affect, craving Nicotine withdrawal is characterized by many symptoms, including negative affect (e.g., depression, irritability), difficulty concentrating, increased appetite, restlessness, sleep disturbance, and weight gain (Shiffman, West, & Gilbert & the SRNT Work Group on the Assessment of Craving and Withdrawal in Clinical Trials, 2004) . In addition, craving (or urge) to smoke has been conceptualized as a central component of abstinence from tobacco (American Psychiatric Association, 2013; Tiffany, Warthen, & Goedeker, 2008) . Smokers' concerns about experiencing withdrawal symptoms and craving have been associated with decreased intention to quit (Orleans, Rimer, Cristinzio, Keintz, & Fleisher, 1991) and increased smoking relapse (McKee, O'Malley, Salovey, Krishnan-Sarin, & Mazure, 2005) . Although much research has investigated the relationship between individual and composite nicotine withdrawal symptoms and subsequent smoking relapse, the findings have been mixed (Kassel, Stroud, & Paronis, 2003; Patten & Martin, 1996; Wray, Gass, & Tiffany, 2013) . In addition, there is evidence that smoking relapse can increase acute negative affect (e.g., Piasecki, Jorenby, Smith, Fiore, & Baker, 2003) and craving symptoms (e.g., Blalock, Robinson, Wetter, Schreindorfer, & Cinciripini, 2008) , suggesting that these symptoms are not simply the result of withdrawal (Robinson et al., 2011) . Thus, the relationship between some withdrawal-associated symptoms and relapse is potentially multidetermined and bidirectional.
Early findings concerning the impact of individual and composite nicotine withdrawal symptoms on smoking relapse were equivocal (see Patten & Martin, 1996 , for review). Many of the early studies examining the impact of withdrawal symptoms on relapse used withdrawal obtained at a single postquit session (Gunn, 1986) , only examined symptoms early in the quit attempt (Hughes, Gust, Skoog, Keenan, & Fenwick, 1991; Hughes & Hatsukami, 1986) , or conducted analyses using only means of repeated measures (Gritz, Carr, & Marcus, 1991; Nørregaard, Tønnesen, & Petersen, 1993) . These methodological approaches likely obscured any relationship between withdrawal and relapse by focusing on early and limited time windows. In contrast, daily diary and ecological momentary assessment (EMA) studies, which provide a more proximal measure of withdrawal over time (Stone & Shiffman, 1994 ) and reduces recall errors (Shiffman et al., 1997; Stone & Shiffman, 1994) , have more consistently found a link between withdrawal symptoms and subsequent smoking relapse (Shiffman et al., 2007) .
Negative affect (i.e., unpleasant emotional states) has been one of the most frequently studied withdrawal-associated predictors of smoking relapse. Negative affect has been associated with subsequent smoking relapse in many retrospective (Borland, 1990; Cummings, Jaén, & Giovino, 1985; Swan et al., 1988) and prospective (Kenford et al., 2002; Piper et al., 2011) studies, including those involving EMA (Shiffman & Gwaltney, 2008; Shiffman, Paty, Gnys, Kassel, & Hickcox, 1996) . However, in other studies, negative affect failed to predict relapse among quitting smokers (Hall, Havassy, & Wasserman, 1990; Javitz, Lerman, & Swan, 2012) or smoking behavior among a nonquitting sample (Shiffman et al., 2002) , or varied by gender (Nakajima & al'Absi, 2012) . Thus, despite being cited as the main cause of relapse by many smokers (Shiffman, 1982) , the evidence for a causal relationship between negative affect and relapse has been mixed.
The impact of craving, or urge, to smoke on subsequent smoking relapse has been widely studied, but the evidence for such a relationship is mixed. For example, only around half of the studies reviewed by Wray and colleagues (2013) found a significant association between higher craving and subsequent smoking relapse. However, studies using EMA assessments typically find a relationship between craving and subsequent relapse (see Serre, Fatseas, Swendsen, & Auriacombe, 2015, for review) , which suggests that these discrepancies may be due to study design and measurement method differences.
Although not considered a symptom of nicotine withdrawal, positive affect (e.g., pleasant emotional states) has been conceptualized as having a role in relapse. There is evidence that smoking increases positive affect (Shiffman & Kirchner, 2009) , and that the amount of positive affect experienced during smoking predicts relapse after quitting (Shiffman & Kirchner, 2009; Strong et al., 2011) . In addition, some studies that used retrospective recall found that relapses can occur during positive affect situations (Brandon, Tiffany, Obremski, & Baker, 1990; Shiffman, 1986) .
The relationships between relapse and withdrawal-associated symptoms is further complicated because relapse itself has been associated with subsequent acute negative affect (Blalock et al., 2008; Cinciripini et al., 2013; Piasecki et al., 2003; Robinson et al., 2011) and craving (Blalock et al., 2008; Robinson et al., 2011) . This suggests that negative affect and craving are multidetermined during the smoking cessation process and are not just the result of withdrawal. For example, the negative affect experienced by relapsers might be due to attributions of self-blame that result in feelings of guilt, a phenomenon termed the abstinence violation effect (AVE; Curry, Marlatt, & Gordon, 1987) . Another potential reason for why relapsers might experience withdrawal-associated symptoms is suggested by findings that relapsers often do not return to their baseline level of cigarettes consumption (Lam et al., 2012) , even up to a year later (Conklin et al., 2005) and, thus, may experience prolonged withdrawal symptoms due to being partially abstinent (Shiffman, 1979) .
To examine the potentially bidirectional relationship between relapse and the experience of withdrawal-associated symptoms, including composite withdrawal, negative affect, positive affect, and craving, we conducted a series of cross-lagged analyses on clinical trial data collected by the Pharmacogenomics Research Network: Pharmacogenetics of Nicotine Addiction Treatment (PGRN-PNAT) research group. The aims of this secondary data analysis were to establish whether nicotine withdrawal-associated symptoms, both as composite measures and as specific symptoms (i.e., craving and negative affect), and smoking relapse influence This document is copyrighted by the American Psychological Association or one of its allied publishers.
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each other in a bidirectional manner, and to measure the relative strengths of these temporal relationships.
Method Design
Participants were randomized to receive nicotine replacement therapy (NRT), varenicline, or placebo during an 11-week smoking cessation clinical trial (NCT01314001; Lerman et al., 2015) ; all received behavioral counseling. Randomization was prospectively stratified by the plasma nicotine metabolite ratio (NMR), a phenotypic marker of the rate of nicotine metabolism and clearance. Participants were followed for 12 months after the target quit date (TQD), with smoking abstinence self-report collected at Weeks 1, 4, 8, 11, 24, and 52, and biochemically verified by expired CO (Յ8 ppm) at Weeks 1, 4, 11, 24, and 52. Measures of composite and specific (negative affect and craving) nicotine withdrawal symptoms were captured at Weeks 1, 4, 8, 11, 24, and 52 post-TQD.
Participants
Participants were 1,246 treatment-seeking smokers recruited from the community by four North American academic medical centers. As outlined in detail previously (Lerman et al., 2015) , to be eligible, participants must have been 18 -65 years old, reported smoking at least 10 cigarettes per day (CPD) over the previous 6 months, and produced an expired carbon monoxide (CO) reading greater than 10 ppm. Individuals were considered ineligible if they met criteria for (a) current use of tobacco products other than cigarettes; (b) history of substance abuse treatment (other than nicotine); (c) current alcohol consumption greater than 25 standard drinks/week; (d) history of a DSM-IV Axis I psychiatric disorder (except history of major depression, in remission, for greater than 6 months); (e) suicide risk score on the MINI International Neuropsychiatric Interview (MINI) greater than 1; (f) recent diagnosis of cancer or kidney or liver failure; (g) abnormal heart rhythms, pulmonary disease, stroke, angina, heart attack, or uncontrolled hypertension within the past 6 months; (h) current use or recent discontinuation (within the last 14 days) of smoking cessation medication; (i) current use of antipsychotic medications, prescription stimulants, and certain antidepressants (bupropion, monoamine oxidase inhibitors, and tricyclic antidepressants) or opiatecontaining medications; (j) current use of anticoagulants, rescue inhalers, or heart medications; and (k) current pregnancy or lactation. The protocol was approved by the Institutional Review Boards of the University of Pennsylvania, the University of Toronto, the Centre for Addiction and Mental Health, the State University of New York at Buffalo, and The University of Texas MD Anderson Cancer Center. Participants could earn up to $315 for completing all study requirements.
Procedure
Eligibility assessment. Participant demographics, nicotine product use, alcohol/drug use, medication use, and medical/psychiatric history were collected during a telephone screening to determine initial eligibility. Participants who were initially eligible and interested were then scheduled and completed an intake screening session where the remainder of the eligibility criteria were assessed, and a physical exam was conducted. Expired CO was used to assess smoking status. The MINI was used to assess for history of DSM-IV Axis I psychiatric disorders (Sheehan et al., 1998) . Nicotine dependence was measured using the Fagerström Test of Cigarette Dependence (FTCD, formerly the FTND; Fagerström, 2012; Heatherton, Kozlowski, Frecker, & Fagerström, 1991) .
Treatment randomization and study medication. After completing the intake screening session, participants were randomly assigned to one of three treatment groups, stratified on NMR group. Participants then attended a prequit session for counseling, completed study questionnaires, and received study medication. Varenicline (or placebo pills) were taken for 12 weeks, starting the day after the prequit visit. NRT (or placebo patches) was taken for 11 weeks, starting on the morning of the TQD. Participants in the varenicline group (n ϭ 420; 52.4% slow metabolizers) received active medication, with dose titration at Days 1-3 (0.5 mg once daily), Days 4 -7 (0.5 mg twice daily), and Days 8 -84 (1.0 mg twice daily), and placebo patches. Participants in the NRT group (n ϭ 418; 54.3% slow metabolizers) received placebo pills and active NRT, with dose titration at Weeks 1-6 (21 mg), Weeks 7-8 (14 mg), and Weeks 9 -11 (7 mg). Participants in the placebo group (n ϭ 408; 52.7% slow metabolizers) received placebo pills and patches. Participants and study staff were blinded to NMR group and treatment assignment.
Behavioral counseling. All participants received the National Cancer Institute's "Clearing the Air" smoking cessation self-help manual (U.S. Department of Health & Human Services, 2008) and counseling, starting with a 1-hr in-person prequit session. A target quit date was set for Week 1, at which time a second counseling session occurred. Subsequent brief (15-min) counseling sessions were conducted over the telephone by two counselors from the University of Pennsylvania at Weeks 4 and 8 post-TQD, and included collection of medication use, withdrawal, and side effect data. The counseling and manual both took a cognitive-behavioral approach to smoking cessation, including coping with triggers and withdrawal-related symptoms.
Study measures collected over time. Three questionnaires assessing negative affect, withdrawal, and craving to smoke were measured at the prequit session and at the end of Weeks 1, 4, 8, 11 (end of treatment), 24, and 52 post-TQD. The Positive and Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen, 1988) was used to measure negative (PANAS NA subscale) and positive (PANAS PA subscale) affect. The Minnesota Nicotine Withdrawal Scale-Revised (MNWS-R) assessed nicotine withdrawal (Hughes, 2012) . The Questionnaire on Smoking Urges-Brief (QSU-B) was used to measure craving to smoke (Cox, Tiffany, & Christen, 2001 ). The PANAS and MNWS assessed symptoms "during the last week," and the QSU-B assessed craving "right now."
Daily smoking was assessed at each study time point using the timeline follow-back method (TLFB; Brown et al., 1998) . Repeated-measures abstinence status was calculated for Weeks 1-4, Weeks 5-8, Weeks 9 -11, weeks 12-24, and Weeks 25-52 by examining all TLFB data within each time period. Participants were classified at each time period as a nonabstainer (smoking at least one cigarette during each week during the preceding time period), a partial abstainer (smoking at least one cigarette in some This document is copyrighted by the American Psychological Association or one of its allied publishers.
but not all of the weeks during the preceding time period), or a complete abstainer (never smoking during the time period). We included the category of partial abstinence because we wanted to model the extent to which degree of abstinence related to symptom scores over time.
Data Analyses
We performed a series of cross-lagged analyses in which we used prior symptom scores (PANAS NA, PANAS PA, MNWS-R, QSU-B) to predict subsequent abstinence status (nonabstainer, partial abstainer, complete abstainer), and prior abstinence status to predict subsequent symptom scores (see Figure 1 ) in separate regression models at different time points. The symptom scores were treated as continuous variables, and analyzed using linear regression, while abstinence status was treated as an ordinal variable, and analyzed using ordinal logistic regression models. The log regression coefficients from the ordinal logistic models quantified the relationship between the predictor (i.e., negative affect) and a corresponding change in abstinence outcome (nonabstinent, partially abstinent, completely abstinent), such that each single unit increase in the predictor was associated with the likelihood of being in a more restrictive abstinence category (i.e., from nonabstinence to partial abstinence, and from partial abstinence to complete abstinence). Neither treatment group nor NMR level predicted the outcomes of interest. However, all models included treatment group and NMR level (slow vs. fast metabolizers) as covariates.
We first examined the bidirectional relationships between symptom and abstinence using a series of univariate models. Next, we evaluated a series of multivariate models to determine whether the effects observed in the univariate models remained when we included either the symptom score or the abstinence status from the previous time point as a covariate. Both the univariate and multivariate analyses were conducted separately for each symptom score.
To determine which of the directional relationships was stronger, we compared the increase in predictive power when adding a covariate of interest by the percent increase in McFadden's pseudo r-squared (McFadden, 1974) and r-squared statistics for the logistic regression (i.e., the impact of symptoms on subsequent abstinence) and linear regression (i.e., the impact of abstinence status on subsequent symptoms) models, respectively. The r-squared statistic in linear model has an interpretation as being a measure of the percent of variation in the outcome explained by the covariates. The pseudo r-squared statistic has been advocated as having an analogous interpretation in the context of logistic regression, but they quantify different aspects of the association between covariates and outcome that may not be reflected in the regression coefficients, such as odds ratio (Allison, 2014; Hu, Shao, & Palta, 2006) .
Results

Participant Characteristics
Enrolled participants were 55.6% White (37.1% Black), 56.4% men, and 45.7 years of age on average. They smoked 18.3 CPD on average and reported moderate nicotine dependence (mean FTCD ϭ 5.3) at baseline. Participant characteristics are further detailed elsewhere (Lerman et al., 2015) .
Descriptive Statistics of the Study Sample
The means and standard deviations of the four symptom scores (PANAS NA, PANAS PA, MNWS-R, QSU-B) at each time point (Weeks 1, 4, 8, 11, 24, and 52) are presented in Table 1 . Abstinence status within each of the five observational periods are summarized in Table 2 . The percentage of nonabstainers and partial abstainers who met the CO cutoff during, and their mean CPD, for each of the five time periods is reported in Table 3 . Correlations between the four symptoms scores and abstinence at each time point are presented in Table 4 . Overall, the proportion of abstinent participants remained stable during the treatment period (through Week 11) but declined notably after that. This decline in abstinence also coincided with an increase in symptom scores starting at Week 24 (X5).
Univariate Analyses of the Relationships Between Symptoms and Abstinence
The impact of symptoms on subsequent abstinence. To examine the impact of symptom scale scores on subsequent abstinence status, we fit separate ordinal logistic regression models to each of the five observational periods for each symptom scale, including treatment and NMR as covariates. In the notation of Figure 1 , the temporal relationships evaluated were X1 ¡ Y1, X2 ¡ Y2, X3 ¡ Y3, X4 ¡ Y4, X5 ¡ Y5, where X refers to the symptom and Y to the abstinence status at the respective time points. All four symptom scores were significantly associated with the log probability odds of complete or partial abstinence in the subsequent observational period (see Table 5 ). Specifically, higher PANAS NA, MNWS-R, and QSU-B scores predicted lower prob- Figure 1 . A graphical illustration of the longitudinal structure of the cross-lagged analyses. The four nicotine withdrawal symptom scores (PA-NAS NA, PANAS PA, MNWS-R, QSU-B) were measured at the end of Weeks 1, 4, 8, 11, 24, and 52, and are denoted by X1-X6. Abstinence status (non-, partial, and complete abstinence) during each of the five time periods (between Weeks 1 and 4, between Weeks 5 and 8, between Weeks 9 and 11, between Weeks 12 and 24, and between Weeks 25 and 52) are denoted by Y1 through Y5. The temporal order of the data was: X1, Y1, X2, Y2, X3, Y3, X4, Y4, X5, Y5, X6. PANAS ϭ Positive and Negative Affect Scale; NA ϭ PANAS Negative Affect Scale; PA ϭ PANAS Positive Affect Scale; MNWS-R ϭ Minnesota Nicotine Withdrawal ScaleRevised; QSU-B ϭ Questionnaire on Smoking Urges-Brief. This document is copyrighted by the American Psychological Association or one of its allied publishers.
ability of complete or partial abstinence out to 1-year postquit.
Higher PANAS PA scores predicted increased probability of complete or partial abstinence, but only for abstinence during Weeks 25-52. The impact of abstinence on subsequent symptoms. To evaluate the impact of abstinence on subsequent symptoms, we fit separate linear regression models to each of the five observational periods for each symptom scale, including treatment and NMR as covariates. In the notation of Figure 1 , the temporal relationships evaluated were Y1 ¡ X2, Y2 ¡ X3, Y3 ¡ X4, Y4 ¡ X5, Y5 ¡ X6. Smoking abstinence, particularly complete abstinence, was significantly associated with subsequent symptom scores in most models (see Table 6 ). Overall, being a complete abstainer, compared to a nonabstainer, resulted in lower PANAS NA, MNWS-R, and QSU-B scores, and higher PANAS PA scores, across the four time periods. A similar but smaller effect was generally observed for partial abstinence versus nonabstinence at most time points, except for PANAS PA, which only significantly differed at the final time period (Week 52; X6). Overall, the results suggest that the impact of complete and partial abstinence on subsequent symptom score tended to increase over time and was greatest at the final time period, Weeks 52 (X6).
Multivariate Analyses of the Relationships Between Symptoms and Abstinence
The impact of symptoms on subsequent abstinence, adjusting for prior abstinence. As with our univariate models, we fit separate ordinal logistic regression models to each of the five observational periods for each symptom scale, but with the addition of abstinence status from the prior observational period as a covariate. In the notation of Figure 1 , the temporal relationships evaluated were Y1 ϩ X2 ¡ Y2, Y2 ϩ X3 ¡ Y3, Y3 ϩ X4 ¡ Y4, Y4 ϩ X5 ¡ Y5. In these multivariate analyses, higher PANAS NA, MNWS-R, QSU-B scores significantly predicted lower probability of complete or partial abstinence out to 1-year postquit (see Table 7 ), consistent with the univariate analyses. However, the association between PANAS PA and subsequent abstinence was nonsignificant at all but the last time point (Weeks 25-52; Y5).
The impact of abstinence status on subsequent symptoms, adjusting for prior withdrawal symptoms. As with the univariate models, we fit separate linear regression models to each of the five observational periods for each symptom scale, but with the addition of prior symptom score as an additional covariate. In the notation of Figure 1 , the temporal relationships evaluated were X1 ϩ Y1 ¡ X2, X2 ϩ Y2 ¡ X3, X3 ϩ Y3 ¡ X4, X4 ϩ Y4 ¡ X5, X5 ϩ Y5 ¡ X6. Overall, being a complete abstainer, compared to a nonabstainer, resulted in lower PANAS NA, MNWS-R, and QSU-B scores, across the four time periods (see Table 8 ), consistent with the univariate results, but the associations appear weaker after adjusting for prior symptom scores. Additionally, the association between abstinence (complete vs. nonabstinence) and subsequent PANAS PA was nonsignificant in the multivariate analyses, when controlling for previous PANAS PA, except for at the 24-week (X5) and 52-week (X6) time points. The multivariate results were consistent with the univariate results and showed that the impact of complete and partial abstinence on subsequent symp- This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
tom score tended to be greatest at the final time periods, Weeks 24 (X5) and 52 (X6).
Comparing the Strengths of the Bidirectional Relationships
To compare the strength of the directionality of the relationship between symptom scores and abstinence status over time, we next estimated the predictive power of covariates of interest through either the r-squared or the pseudo r-squared. Table 9 reports the Pseudo R-Squared statistics for the ordinal logistic regression models (i.e., the impact of treatment, NMR, and previous symptoms on subsequent abstinence), and Table 10 reports the R-squared statistics for the linear regression models (i.e., the impact of treatment, NMR, and previous abstinence status on subsequent symptoms). We focused on the percent increase in R-squared or pseudo R-squared statistics as a measure of the incremental predictive power gained by adding the specified covariates to the models. Overall, our results suggest that symptom scores add more predictive power to the model for subsequent abstinence (see Table 9 ) than abstinence status adds to the model for subsequent symptom scores (see Table 10 ). In other words, the temporal bidirectional relationships between symptom scores and abstinence are not symmetric, as the predictive relationship from an earlier symptom to later partial or complete abstinence is stronger than the predictive relationship from earlier abstinence to the later symptom.
Discussion
Overall, our analyses suggest a cyclic relationship between symptoms of withdrawal and craving and abstinence, with higher symptoms, as measured by the PANAS NA, MNWS-R, and QSU-B, increasing the likelihood of subsequent smoking relapse. Note. PANAS ϭ Positive and Negative Affect Scale; NA ϭ PANAS Negative Affect Scale; PA ϭ PANAS Positive Affect Scale; MNWS-R ϭ Minnesota Nicotine Withdrawal Scale-Revised; QSU-B ϭ Questionnaire on Smoking Urges-Brief. This document is copyrighted by the American Psychological Association or one of its allied publishers.
In addition, our analyses showed that abstinence, in particular being a complete abstainer, was associated with lower symptoms, compared to relapse. The multivariate analyses involving the PA-NAS NA, MNWS-R, and QSU-B were largely consistent with the findings of the univariate models. The associations between positive affect, as measured by the PANAS PA, and abstinence were largely nonsignificant in both directional models, except that complete abstinence was associated with higher PA at the 24-and 52-week time points. Finally, the relationships were stronger for models in which earlier symptoms predicted later abstinence status than models in which abstinence status predicted later symptom, when we compared the amount of variance explained between each set of models. Our findings suggest that higher negative affect, craving, and composite withdrawal symptoms increased the likelihood of subsequent smoking relapse, independent of previous smoking status. In addition, this effect appears to be strongest for predicting smoking relapse at Weeks 25-52 (Y5), where all symptoms explained more than 20% of the variance beyond that of prior abstinence and treatment (see Table 9 ). To our knowledge, this is the first study to use a cross-lagged analysis to investigate the bidirectional relations between abstinence and symptoms of withdrawal, craving and affect. These findings support negative reinforcement conceptualizations of nicotine dependence by suggesting that chronic smoking is a behavior motivated by the relief of unpleasant mood and withdrawal states (Baker, Piper, McCarthy, Majeskie, & Fiore, 2004; Koob & Le Moal, 2008) . Our findings are consistent with many other studies, particularly those involving EMA (Allen, Bade, Hatsukami, & Center, 2008; Shiffman et al., 1996) , with which our study shares the advantage of measuring the relationship between withdrawal and abstinence repeatedly over time. Our study extends previous findings by virtue of its timeframe and its use of multiple measures of withdrawal-related symptoms (PANAS NA, MNWS-R, QSU-B).
Our finding that smoking relapse resulted in higher withdrawalrelated symptoms compared to abstinence does not necessarily contradict negative reinforcement conceptualizations of addiction. One explanation is that relapsed smokers have often been found to smoke reduced amounts compared to their baseline amount (see Hughes & Carpenter, 2005 , for review), and thus may still experience withdrawal. Indeed, one study found that relapsed smokers who did not return to smoking their baseline amount were more likely to report mood disturbances than those who did (Kahler et al., 2002) . Another possibility is the AVE, the phenomenon by which smokers who relapse experience negative affect in the form of self-blame and guilt resulting from failing to achieve a desired goal (i.e., abstinence; Curry et al., 1987) . However, Marlatt (1985) postulated that the abstinence violation effect mediates the relationship between lapse and relapse and not the subsequent impact of relapse. In addition, more recent evidence found that self-blame reduced the likelihood of a lapse, suggesting that self-blame may not always be maladaptive in this context (Kirchner, Shiffman, & Wileyto, 2012) . Thus, it is unclear whether relapse leads to an increase in negative affect due to feelings of guilt.
The design of this study has several features that may have influenced our results and that may reduce the generalizability of our findings. First, the inclusion and exclusion criteria used in this clinical trial likely excluded factors that are over represented among smokers, such as those who abused alcohol or those with a Table 5 Ordinal
Logistic Regression Models Predicting Abstinence Status From Previous Withdrawal Symptom Score
Covariate Abstinence status time period This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
history of a DSM-IV Axis I psychiatric disorder (except major depression), along with smokers who used more than one tobacco product. Second, this study supplemented pharmacotherapy with counseling and a treatment manual to assist all participants in quitting. These cognitive-behavioral elements included imparting skills for coping with withdrawal symptoms, which may account for us not finding a drug treatment effect. In addition, counseling is not a part of most "real-world" quitting attempts, which are ‫ءءء‬ Note. The reference group was the nonabstainers. PANAS ϭ Positive and Negative Affect Scale; NA ϭ PANAS Negative Affect Scale; PA ϭ PANAS Positive Affect Scale; MNWS-R ϭ Minnesota Nicotine Withdrawal Scale-Revised; QSU-B ϭ Questionnaire on Smoking Urges-Brief; Partial ϭ partial abstinence; Complete ϭ complete abstinence. The coefficient quantifies the mean difference in the outcome symptom score for each unit increase in the covariate. In the notation of Figure 1 , the temporal relationships evaluated were Y1 ¡ X2, This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
largely done unaided (Chapman & MacKenzie, 2010) , meaning that most smokers are not going to have the benefit of interventions focused on coping with withdrawal symptoms. In addition to potentially limiting the generalizability of our findings, the results of these design choices likely restricted the amount of variance in withdrawal symptoms experienced by our sample than if we had recruited participants using less strict criteria and had not included a cognitive-behavioral counseling component. However, we were Note. The reference group was the nonabstainers. PANAS ϭ Positive and Negative Affect Scale; NA ϭ PANAS Negative Affect Scale; PA ϭ PANAS Positive Affect Scale; MNWS-R ϭ Minnesota Nicotine Withdrawal Scale-Revised; QSU-B ϭ Questionnaire on Smoking Urges-Brief; Partial ϭ partial abstinence; Complete ϭ complete abstinence. The coefficient quantifies the mean difference in the outcome symptom score for each unit increase in the covariate. In the notation of figure 1, the temporal relationships evaluated were X1 Note. PANAS ϭ Positive and Negative Affect Scale; NA ϭ PANAS Negative Affect Scale; PA ϭ PANAS Positive Affect Scale; MNWS-R ϭ Minnesota Nicotine Withdrawal Scale-Revised; QSU-B ϭ Questionnaire on Smoking Urges-Brief. The variance explained was calculated using the pseudo R-squared statistic, whereas the percent increase captured the amount of additional variance captured when symptom scores from the prior time point is included in the model. This document is copyrighted by the American Psychological Association or one of its allied publishers.
still able to observe relationships between withdrawal symptoms and abstinence despite these limitations, which supports the use of interventions that focus on withdrawal symptoms, particularly negative affect. Third, our definition of smoking abstinence, differed from commonly used abstinence definitions (e.g., Hughes et al., 2003) . The reason we did not use one of the established abstinence guidelines is that we were interested in measuring the relationship between partial nicotine exposure (i.e., partial abstinence) and withdrawal, not just the relationship between abstinence/nonabstinence and withdrawal, because there is some evidence that partial smoking abstinence may prolong withdrawal symptoms (Shiffman, 1979) . We did find that partial abstinence predicted subsequent withdrawal symptoms out to Week 52 (see Table 6 ), suggesting that partial abstinence does have long-term consequences for symptoms such as negative affect. Fourth, the MNWS and PANAS NA were highly correlated, suggesting that they were not measuring distinct constructs. This finding is not unique to our study, as others have found that the MNWS is similarly highly correlated with other measures of negative affect (Aguirre, Madrid, & Leventhal, 2015) , and that it does not provide additional incremental validity to that of negative affect when modeling smoking abstinence (Piasecki, Kenford, Smith, Fiore, & Baker, 1997) . Finally, we want to caution that our use of crosslagged analyses, which consisted of regression models for the purpose of exploring the association among the observed abstinence and withdrawal symptoms at various time points, should not be taken as an implication for causal relationship and likely inflated the likelihood of a Type I error.
In conclusion, our findings showed that withdrawal-related symptoms and smoking relapse are related in a bidirectional manner over time among those trying to quit smoking. Consistent with negative reinforcement conceptualizations, higher negative affect, craving, and composite withdrawal symptoms increased the likelihood of subsequent relapse. In addition, smokers who relapsed reported higher negative affect, craving, and composite withdrawal symptoms than abstinent smokers, suggesting that withdrawalrelated symptoms are multidetermined. Our findings provide further evidence that negative affect and other unpleasant withdrawal symptoms should be a target for intervention within smoking cessation therapy. Note. PANAS ϭ Positive and Negative Affect Scale; NA ϭ PANAS Negative Affect Scale; PA ϭ PANAS Positive Affect Scale; MNWS-R ϭ Minnesota Nicotine Withdrawal Scale-Revised; QSU-B ϭ Questionnaire on Smoking Urges-Brief. The variance explained was calculated using the R-squared statistic, whereas the percent increase captured the amount of additional variance captured when abstinence status from the prior time period is included in the model. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
